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ABSTRACT: Effective incorporation of a probiotic into foods requires the culture to remain viable all
along processing and storage, without adverse alterations to sensory characteristics. The objective
of this work was developing Minas-type fresh cheese with probiotic properties from buffalo milk. Four
batches of Minas-type fresh cheese were prepared using buffalo milk: batch T1 in which neither
culture nor lactic acid added; batch T3 in which only lactic acid added; batches T2 and T4 , both added
of Lactobacillus acidophilus LAC 4, but T4 was also acidified. Resulting cheeses were evaluated for
probiotic culture stability, texture profile, sensory acceptance, and changes in pH. The T4 probiotic
cheese presented hardness, gumminess, and chewiness significantly lower than the other treatments.
However, values for springiness and cohesiveness did not differ between all cheeses, and no sensory
differences (p > 0.05) were found between treatments for texture, taste, and overall acceptance. The
addition of probiotic to the acidified cheese (T4) yielded best aroma. The populations of L. acidophilus
were greater than 106 CFU g-–1 after 28 days of storage all products. Minas-type fresh cheese from
buffalo milk is a suitable food for the delivery of L. acidophilus, since the culture remained viable
during the shelf life of the products and did not negative affect analysed parameters.
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DESENVOLVIMENTO DE QUEIJO MINAS FRESCAL DE LEITE DE
BÚFALA COM ADIÇÃO DE L. ACIDOPHILUS
RESUMO: Para incorporação efetiva de probióticos em alimentos é imprescindível que a cultura
mantenha-se viável durante todo o processamento e a estocagem e que não ocorram alterações
adversas nas características sensoriais do produto. O objetivo deste trabalho foi desenvolver queijo
Minas frescal com propriedades probióticas a partir do leite de búfala. Foram avaliados quatro
tratamentos (T1 a T4), sendo T1 e T3 controles, sem e com acidificação, respectivamente em T2 e T4
foram adicionados da cultura probiótica Lactobacillus acidophilus (LAC 4), porém T4 foi também
acidificado. Todos os queijos foram avaliados quanto ao perfil de textura, aceitação sensorial e evolução
do pH. Nos queijos dos tratamentos T2 e T4 foi determinada a viabilidade da cultura probiótica,
durante 28 dias de estocagem refrigerada. O tratamento T4 apresentou valores para dureza, gomosidade
e mastigabilidade menores que aqueles obtidos para os demais tratamentos. Não houve diferenças
entre os tratamentos (p > 0.05) em relação à elasticidade, coesividade, assim como para os atributos
textura, sabor e aceitação global. O tratamento adicionado de probiótico e ácido foi o melhor aceito em
função do aroma. A população de L. acidophilus permaneceu maior que 106 UFC g–1 depois de 28 dias
de estocagem mesmo no produto acidificado. Queijo Minas frescal de leite de búfala é um alimento
adequado para incorporação de L. acidophilus, uma vez que esta cultura permaneceu viável no
mesmo durante seu “shelf-life” e não interferiu negativamente nos parâmetros analisados.
Palavras-chave: Lactobacillus acidophilus, viabilidade, avaliação sensorial, textura
INTRODUCTION
Modern consumers are increasingly health con-
scious, and expect their food to be healthy or
even capable of preventing illness (Mattila-Sandholm
et al., 2002). “Probiotics are live microorganisms
which, when administered in adequate amounts, con-
fer health benefits on the host” (FAO, 2002). Humans
need to ingest 106 - 109 viable probiotic cells per day
to amass any beneficial effects (Lee & Salminen,
1995). In addition, pleasant taste and good texture are
essential for all dairy products, regardless of the
“health message” they may carry (Saxelin et al.,
1999).
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Cheese may offer certain advantages over yoghurt-
type products in terms of the ease of delivery of vi-
able probiotics. The higher pH, higher fat content, and
more solid consistency of cheese may offer more pro-
tection for the probiotics in the gastrointestinal tract
(Stanton et al., 1998).
Although several studies have tested the perfor-
mance of many probiotic cultures in the production
of bovine fresh cheeses (Roy et al., 1997; Vinderola
et al., 2000; Buriti et al., 2005a and Buriti et al., 2005b),
no work has been done on buffalo fresh cheeses. The
use of buffalo milk in the production of Minas-type
fresh cheese represents an interesting alternative for
increasing the value of this raw material, since the Bra-
zilian buffalo herd has shown extraordinary growth in
recent decades (Teixeira et al., 2005). According to
Zoccal (2007), the world production of buffalo milk
grew 41.6% between 1995 to 2005 whilst that of cow
milk increased only 14.3%. In addition, buffalo milk
has higher levels of fat, protein, total solids, calories,
vitamin A, and calcium comparatively to cow milk
(Verruma & Salgado, 1994).
Minas cheese is a typical Brazilian fresh cheese,
which presents high water activity, pH above 5.0, low
salt content, and the absence of preservatives, offer-
ing excellent conditions for the survival and growth
of probiotic organisms (Buriti et al., 2005a). The aim
of this work was to develop Minas-type fresh cheese
with probiotic properties from buffalo milk, to evalu-
ate cheeses’ texture and sensory properties, and to de-
termine the viability of the probiotic organisms during
28 days of refrigerated storage.
MATERIAL AND METHODS
Raw buffalo milk, commercial rennet (85% bovine
pepsin + 15% chymosin), lactic acid 85 g 100 g–1 food-
grade solution, and commercial freeze-dried probiotic
culture of L. acidophilus LAC 4 (for direct vat inocu-
lation) were used in the manufacture of the cheeses.
Four pilot-scale Minas-type fresh cheese manu-
facturing protocols (T1, T2, T3, and T4) were car-
ried out (n = 3). Eighty liters of milk were divided
to prepare four equal batches of cheese at the same
time, according to the protocol outlined in Figure 1.
Cheeses T1 were manufactured without the addition
of either culture or lactic acid. Cheeses T2 ( were
manufactured with the addition of a probiotic culture
of L. acidophilus (0.7% w/v). Cheeses T3 were pre-
pared by direct acidification with 85 g 100 g–1a food-
grade lactic acid solucion (0.25 mL L–1), and cheeses
T4 were manufactured by direct acidification with
lactic acid plus the addition of L. acidophilus (0.7%
w/v).
Figure 1 - Schematic diagram of Minas type fresh cheese production (T1: cheese with no probiotic and no lactic acid; T2: cheese with
L. acidophilus; T3: cheese with lactic acid and no probiotic; T4: cheese with L. acidophilus and lactic acid).
Raw buffalo milk
Heat treatment at 65oC for 30 min
Addition of NaCl (2% w/v)
Addition of CaCl2 (0.025%, v/v)
T1
(no probiotic, no acid lactic)
T4
L. acidophilus + lactic acid (0.025 v/v) 
T3




Cutting the coagulum  ~2 cm3
Whey-off by pressing the curd
Cooling to 42oC
Placed in cheese moulds
(perforated circular containers - 500g) 
Packaging 
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The cheeses were vaccum-packaged in plastic bags
and stored under refrigeration (7–9°C) for to 28 days.
All cheese manufacturing trials and analyses, except
sensory evaluation, were made in triplicate.
Texture properties of the cheeses were evaluated
with the Texture Profile Analysis using a texturometer
TA.XT2i, with a 20 mm diameter probe and 50% of
sample deformation at a rate of 5 mm s–1, force of
0.2 N, and time of 5 s. These tests consisted of the
two-bite compression of 2.0 cm sample cubes.
After cutting, cheese samples were refrigerated
(7°C) for 30 min prior to testing. Measured param-
eters were hardness, springiness, cohesiveness,
chewiness, and gumminess, with the aid of the Tex-
ture Expert for Windows software version 1.20 (Stable
Micro Systems). The TPA was carried out after one
day of storage, and all measurements done in tripli-
cate. The pH of cheeses was measured using a digital
pH meter.
One day after manufacturing, samples of the T2
and T4 cheese batcheswere assessed for viability of
the probiotic microorganisms (plate count). The prod-
ucts were also examined for probiotic cell viability at
7, 14, 21, and 28 days of storage. Cheese samples (25
g) were serially diluted (w/w) with 2% citrate solu-
tion and then spread in duplicate onto MRS agar
plateswhich were incubated at 37°C for 72 h under
anaerobic conditions (Anaerobac System). The result-
ing colonies were counted and the total viable popula-
tions calculated per gram of the product (Grosso &
Favaro-Trindade, 2004).
The sensory evaluation was carried out in individual
booths under a fluorescent white light with 46 un-
trained panellists selected according to willingness to
participate. The consumer acceptance tests were con-
ducted according to Meilgaard et al. (1999) for the
evaluation of taste, aroma, texture, and overall accep-
tance. The samples were presented one at a time in
plastic plates coded with random three digit numbers.
A nine-point, structured hedonic scale was used,
ranging from “disliked extremely” (1) to “liked ex-
tremely” (9). The panellists were instructed to rinse
their palate between samples. The samples were stored
at 7°C in a refrigerator to maintain their integrity dur-
ing the sensory analyses. The sensory evaluation was
carried out after one day of storage.
Data obtained were statistically analyzed by SAS
(2001), version 8.02, using the PROC ANOVA proce-
dure. Tukey’s Honestly Significant Difference test




Probiotic cheeses T2 were very similar to controls
T1 and T3 in regard to texture parameters (Table 1).
However, T4 cheeses presented lower hardness,
chewiness, and gumminess values. Given that T3 and
T4 cheeses presented similar pH after one day (Table
2), it is possible that a synergistic interaction between
the L. acidophilus and the lactic acid produced cheeses
with increased moisture. Hardness and its derivative
texture parameters, i.e., chewiness and gumminess,are
strongly influenced by cheeses’ pH and moisture con-
tents (Fox & McSweeney, 1998).
Cheeses from the T4 batch were softer than the
other cheese, requiring smaller compression force. T4
cheeses were also easier to swallow since they needed
less chewing effort. Notwithstanding, the sensorial
panellists were unable to detect significant differences
in texture between samples (Table 4).
Several authors have recently tested the perfor-
mance of various probiotic cultures in the production
of different cheese types but only a few dealed with
fresh cheeses, and none with fresh, buffalo milk cheese.
Values recorded for hardness (4.32 to 3.92 N), springi-
ness (0.88), chewiness (2.9 to 2.66 N), and
gumminess (3.33 to 3.03 N) by Buriti et al. (2005a),
working with fresh Minas-type cheese manufactured
from cow milk containing a mesophilic culture and also
with cheeses acidified with lactic acid, with and with-
out L. acidophilus, were lower than the values regis-
tered in this study. The differences could be attributed
to the fact that the proximate composition of buffalo
milk and the concentration of the dry extract are com-
pletely different from that of cow milk (Verruma &
Salgado, 1994). In addition, Buriti et al. (2005a) also
*a,bMeans in the same column with different letters are different (p < 0.05). T1: cheese with no probiotic and no lactic acid. T2: cheese
with L. acidophilus. T3: cheese with lactic acid and no probiotic. T4: cheese with L. acidophilus and lactic acid.
Table 1 - Values obtained in the texture profile analysis. Analysis was carried out after one day of storage, in triplicate.
stnemtaerT )N(ssendraH ssenignirpS ssenevisehoC )N(ssenimmuG )N(sseniwehC
1T 27.9 a ª99.0 44.0 a ª92.4 ª62.4
2T 44.11 a ª79.0 04.0 a ª66.4 ª15.4
3T 46.01 a ª79.0 83.0 a ª50.4 ª29.3
4T 97.4 b 00.1 a 74.0 a 52.2 b 42.2 b
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used different texture parameters (samples with
heights of 3 cm, 20% compression and a speed of 2.0
mm s–1) for their measurements.
Viability of L. acidophilus during cheese storage
Effect of the refrigerated storage of Minas-type
fresh cheese from buffalo milk on the viability of the
probiotic microorganisms are shown on Table 3. The
initial counts ranged from 107 to 106 CFU g–1 for treat-
ments T2 and T4, respectively, with negligible ten-
dency to decrease throughout the storage period for
treatment T2. However, this reduction was only sig-
nificant (p < 0.05) between the values determined for
days 1 and 28, being 0.76 of a logarithmic cycle. This
result differed from that of Buriti et al. (2005a), where
the population of L. paracasei increased approximately
2 logarithmic cycles during the 21 days of storage of
fresh Minas-type cheeses produced from cow milk.
However, the results were similar to that of Buriti et
al. (2005b), who reported a population of L. acido-
philus showing practically no alteration during a 21-
day storage of fresh Minas-type cheese made from cow
milk. It is fair to infer that in comparison to L.
paracasei, L. acidophilus was unable to multiply in
fresh, refrigerated cheeses.
The counts for treatment T2 were higher
(p < 0.05) at day one probably because the culture
found better conditions in which to multiply while the
cheeses were prepared, because the pH values were
higher during preparation. After 21 days of storage,
T4 cheeses counts were slightly below the threshold
level (106 CFU g–1), 5.96 log CFU g–1. Except for this
point, both treatments had counts higher than 106 CFU
g–1, which is the minimum value recommended for a
product to have beneficial health effects. These results
were similar to those reported by Vinderola et al.
(2000), Yilmaztekin et al. (2004), Kasimoglu et al.
(2004), Buriti et al. (2005a), and Buriti et al. (2005b).
The main causes of viability loss in probiotic mi-
croorganisms during cheeses storage are associated
with injuries caused by oxygen and salt toxicity. Ac-
cording to Yilmaztekin et al. (2004), the dissolved oxy-
gen in cheese almost completely disappears within two-
three weeks after manufacturing, providing suitable
growth conditions for anaerobic microorganisms, and
according to Buriti (2005a), fresh Minas-type cheeses
ordinarily have low salt concentrations.
For the T4 cheeses, there was a decrease
(p < 0.05) in the CFU counts at 21 days, however,
there was no difference (p < 0.05) in CFU counts be-
tween 0 and 28 days. These fluctuations in cell num-
bers at certain points during storage, such as on the
21th day for treatment T4, could be bias inherent to
microbiological analyses. Considering that CFU are
counted in these analyses and that a colony usually rep-
resents more than one microorganism, the microor-
ganisms can either remain chained together or disag-
gregate during the shaking carried for preparation of
dilutions, causing small variations.
Fermented dairy products are generally considered
to be one of the most suitable vehicles for the admin-
istration of an adequate number of probiotic bacteria
to consumers. Although still a matter of debate, sev-
eral authors have indicated that a minimal concentra-
tion of 1x106 CFU g–1of the product is required to ex-
ert a probiotic effect (Ravula & Shah, 1998; Shah,
2000 and 2001). The results obtained in the present
work indicated that Minas-type fresh cheese manufac-
tured from buffalo milk is a good vehicle for the de-
livery of L. acidophilus LAC4, which stood tough the
conditions used to prepare and storage this cheese.
Sensory evaluation
Scores for the acceptance of the fresh Minas
cheeses manufactured from buffalo milk are presented
in Table 4. Samples showed good general acceptance
for all the attributes. Aroma was the least accepted at-
tribute for all treatments. This result was similar to that
Table 2 - Changes in the mean pH values in the different
trials with Minas-type fresh cheese during
storage at 7°C.
a,bMeans in the same column with different letters are different
(p < 0.05). T1: cheese with no probiotic and no lactic acid. T2:
cheese with L. acidophilus. T3: cheese with lactic acid and no
probiotic. T4: cheese with L. acidophilus and lactic acid.
)yad(emiT
stnemtaerT
1T 2T 3T 4T
1 17.6 a 56.6 a 12.6 a 32.6 a
7 26.6 a 04.6 b 02.6 a 81.6 a
41 14.6 b 89.5 c 51.6 a 55.5 b
82 83.6 b 96.5 d 82.5 b 33.5 c
)yad(emiT
sulihpodica.L gUFCfo01goL(stnuoc 1– )
2T 4T
1 22.7 Aa 61.6 Bba
7 30.7 Aba 61.6 Bba
41 95.6 Aba 73.6 Aa
12 46.6 Aba 69.5 Bb
82 64.6 Ab 32.6 Aba
a,bMeans in the same column with different letters are different
(p < 0.05). A,BMeans in the same line with different letters are
different (p < 0.05). T2: cheese with L. acidophilus. T4: cheese
with L. acidophilus and lactic acid
Table 3 - Viability of L. acidophilus in the T2 and T4 buffalo
milk Minas-type fresh cheeses during storage at
7°C.
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obtained for ice creams made with probiotic cultures
(Favaro-Trindade et al., 2006).
Although the instrumental texture assay indicated
that T4 cheeses were softer, less gummy, and easier
to chew than the other cheeses (Table 2), this effect
was probably not noticed by the panellists. Even if it
was noticed, it was considered neither a defect nor a
benefit, since the sensory analysis indicated no differ-
ence (p > 0.05) between the treatments for the attribute
texture (Table 5).
Cheeses from all treatments also did not differ
(p > 0.05) for the attributes taste and overall accep-
tance. It is thus fair to infer that the addition of L. aci-
dophilus LAC 4 to Minas-type cheese manufactured
from buffalo milk did not influence its sensory char-
acteristics. This result is similar to that obtained for
fresh cheeses made from cow milk by Alegro (2003),
Kasimoglu et al. (2004), and Buriti et al. (2005b).
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stnemtaerT amorA erutxeT etsaT
llarevO
ecnatpecca
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cheese with L. acidophilus and lactic acid.
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